Background: The local injection of multimodal cocktail is currently commonly used in the treatment of postoperative pain after total knee arthroplasty (TKA). It is still inconclusive whether the morphine added to the intraoperative injection mixture could make some difference. This meta-analysis aimed to evaluate the efficacy and safety of additional morphine injection on postoperative analgesia in TKA, and provide some useful information on morphine usage in clinical practice.
Introduction
Postoperative pain is an undesirable experience that patients are different to avoid after total knee arthroplasty (TKA). Local infiltration analgesia with multimodal cocktail injection has been frequently used for ages to reduce postoperative pain and has been considered as an effective method even not inferior to nerve block in recent years. [1] [2] [3] [4] Periarticular or intra-articular injection of multimodal cocktail is a safe and cost-effectiveness measure, it could exert effect on inhibiting inflammation in the operated tissue and decreasing the pain. [2, 5, 6, 7] Although the analgesic effect of various drug combinations for local injection during TKA has been well documented, the gold standard for drug combination has not yet been well established. This injection mixture usually contains multiply composition, which on basis of local anesthetics and epinephrine, and combined with other drugs such as non-steroidal anti-inflammatory Drugs (NSAIDs), corticosteroidcs, opioids et al. [1] [2] [3] [4] [5] [6] Opioids have a strong analgesic effect. It exerts action on m-receptors that distributed wildly in cerebral cortex, thalamus, medulla oblongata, spinal cord, and primary sensory neurons in central nervous system. [8] Accordingly, opioids not only play a role in pain management, but also are easy to cause many adverse events, such as headache, dizziness, nausea, vomiting, drug Systematic Review and Meta-Analysis Medicine ® OPEN dependence et al. [7] [8] [9] [10] Therefore, try to reduce systemic opioids consumption is regarded as a meaningful procedure that must be paid attention postoperatively. [9, 10] Whereas, there are some studies have ever reported that periarticular or intra-articular multimodal injection including morphine is effective for pain relief in TKA and they believe single dose of local morphine injection is relative safe. [5, 11, 12] Consequently, additional morphine added into multimodal cocktail injection has been commonly used in TKA for years. [5, 6, 13, 14] However, some studies published recently demonstrated that addition of morphine injection is not effective for relieving postoperative pain and enhancing knee functional recovery. [15, 16] So, it is still inconclusive whether the intraoperative injection of morphine is really beneficial, and additionally causes more complications, such as headache, dizziness, nausea, vomiting, drug dependence et al as mentioned previously. [7] [8] [9] [10] This meta-analysis was conducted to include all randomized controlled trials that compared morphine with no morphine in the injection mixture in TKA to judge the efficacy and safety of additional morphine injection on postoperative analgesia to provide a reference for surgeons.
Materials and methods
This is a systemic review and meta-analysis, it is not associated with Clinical Trials and Biomedical Ethics Committee permits. This submission was approved by institutional review board of our institution. This meta-analysis conformed to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. [17] 
Search strategy
We identified randomized controlled trials from 1974 to March 2, 2018 by searching databases including PubMed, Web of Science, Embase, Cochrane Library, Chinese biomedical literature database (CBM), and Chinese National Knowledge Infrastructure (CNKI) using the following terms: (total knee arthroplasty or total knee replacement) AND (morphine OR Opioids) AND (periarticular injection OR intra-articular injections). In addition, all additional trials that satisfied the inclusion criteria are also included by manual search. Furthermore, we contacted the authors for the raw data and complete the search strategy whenever necessary. Eligible studies were selected based on criteria aforementioned by 2 reviewers. Any disagreement between them was resolved by consensus.
Data extraction
We extracted the following data from the included articles. Likewise, any disagreement between them was resolved by consensus.
Inclusion criteria
Inclusion criteria:
1. studies reported patients undergoing total knee arthroplasty surgery; 2. additional morphine was added to multimodal cocktail in local infiltration analgesia; 3. only periarticular injection OR intra-articular injections approach was required; 4. the control group did not use morphine but other cocktail composition was same; 5. the studies design were RCTs.
Exclusion criteria:
1. not TKA surgery, such as unicompartmental knee arthroplasty and knee arthroscope operation; 2. the control group did not use morphine, but other composition was also not used; 3. local infiltration analgesia combined nerve block; 4. morphine was used via intrathecal or subcutaneous administration; 5. the studies design were not RCTs. The drug dosages, whether combined drug was used, anesthesia method was not limited.
Study quality
Two reviewers independently assessed study quality using modified Jadad scale. [18] The modified Jadad scale evaluated the clinical studies in terms of randomization (2 points); concealment of allocation (2 points); double blinding (2 points); and total withdrawals and dropouts (1 point). Clinical studies achieving a score of >4 points were considered of high quality.
Statistical analysis
Review Manager Software (Revman 5.3, Cochrane Collaboration, Oxford, United Kingdom) was used for the meta-analysis. The continuous variable outcomes (VAS pain scores within the first post-operative 48 hours, the knee ROM, WOMAC score) for meta-analysis were presented as mean difference (MD) and with 95% confidence interval (95% CI). While as total opioid usage post-operatively including different kinds of remedial analgesics were used, the standard mean difference (SMD) and with 95% CI model was performed. Meanwhile, the dichotomous outcomes (nausea and vomiting occurrence) presented as odds ratio (OR) with 95% CI. Heterogeneity among the studies was evaluated using the I 2 statistic and Chi-Squared test. An I 2 > 50% was considered to indicate significantly statistical heterogeneity and the random-effect was used, while when I 2 < 50% was considered to indicate low heterogeneity and fixed-effect model can be used. [17] Publication bias was visually examined using funnel plots. Values of P < .05 were considered statistically significant. The sensitivity analysis was performed to explore the impact of an individual study by the exclusion of 1 study each time.
Publication bias was visually examined using funnel plots. 
Results

Search results and study characteristics.
As shown in Figure 1 , a total of 623 potentially relevant articles were identified from the databases. Of them, 212 were screened. After a title and abstract screen, 170 were excluded. A total of 42 full-text articles were assessed for eligibility, but 34 were excluded for different reasons (not compared morphine with no morphine specifically; reported nerve block, review article and not TKA). At last, 8 articles were found to fulfill the inclusion criteria were passed for synthetic evaluation for this metaanalysis. [11, 12, 15, 16, [19] [20] [21] [22] A summary of selected studies is shown in Table 1 , a total of 1093 knees were included in this metaanalysis with 13 comparisons of morphine with no morphine. The basic techniques of the included studies are shown in Table 2 .
The assessed modified Jadad scale of the 8 studies is with a [16] 2017 Japan 51 73.9 ± 8.3 10/41 51 73.6 ± 7.2 9/42 Tammachote [19] 2017 Thailand 30 67 ± 10 6/24 31 67 ± 8 2/29 Kim [20] minimum of 4 points and maximum of 7 points, the average score was 5.8 points (Table 3) , which suggests high quality trials are included in this study. Funnel plots (Figs. S5-S17) analysis showed no evident publication bias towards positive studies in general, further confirmed by Egger regression asymmetry test (P > .05).
Pain score at rest
Six comparisons with 653 knees showed pain score within 2 hours post-operatively, the outcome was similar whether or not morphine was used (MD = À0.50; 95%CI, À1.32 to 0.31, P = .23, Fig. 2 ). There were 6 comparisons involving 435 knees indicated that local morphine did not showed improvement of pain control (MD = À0.08; 95%CI, À0.54 to 0.37, P = .72, Fig. 3 ) at 4 hours postoperatively. Meanwhile, there were no significant difference at 8 hours (MD = À0.47; 95%CI, À0.98 to 0.04, P = .07, Fig. 4 ) and 12 hours (MD = À0.15; 95%CI, À0.40 to 0.11, P = .27, Fig. 5 ) after operation whether morphine injection or not. At 24 hours postoperatively, 11 comparisons containing 1093 knees showed that morphine injection did not achieve better pain scores (MD = À0.0; 95%CI, À0.02 to 0.22, P = .11, Fig. 6 ). Meanwhile, we also can not find any better pain scores at 36 hours (MD = 0.02; 95%CI, À0.34 to 0.38, P = .92, The study reported multiply comparisons. C1 = comparison one; C2 = comparison two; NR = not reported; RCT = randomized controlled trial. Table 3 Modified Jadad score for study quality.
Study Randomization Concealment of allocation Double blinding Withdrawals and dropouts Total
Iwakiri-1 * * * * * * 
Pain score on motion
There 3 comparisons with 329 knees, 2 studies involving 121 knees, and 2 studies containing 121 knees reported the pain score on motion at 24 hours (MD = À0.02; 95%CI, À0.41 to 0.38, P = .93), 36 hours (MD = 0.23; 95%CI, À0.27 to 0.73, P = .36), and 48 hours (MD = 0.24; 95%CI, À0.19 to 0.66, P = .27), respectively after operation, and the pooled outcomes showed there were no significant difference between morphine injection group and control group (Table 4 , Fig. S1 in supplementary materials, http://links.lww.com/MD/D276).
Opioid consumption
Nine comparisons with 885 knees assessed total systemic opioid consumption post-operatively. The combined data showed morphine group obtained significant less opioid consumption (SMD = À0.29; 95%CI, À0.42 to À0.16, P < .01, Fig. 9 ).
Knee ROM
Morphine injection group did not increase knee flexion range of motion (ROM) at post-operative day 1 (POD1) (MD = À0.36; 95%CI, À7.46 to 6.73, P = .92) and post-operative day 2 (POD2) (MD = 0.30; 95%CI, À6.56 to 7.15, P = .43) compared with the control group during hospital stays. After leaving hospital, the knee flexion ROM revealed no significant difference between the 2 groups at 1 month (MD = À0.36; 95%CI, À7.46 to 6.73, P = .93) and 3 months (MD = À0.36; 95%CI, À7.46 to 6.73, P = .43) post-operatively. Besides, knee extension ROM at 1 month (MD = 0.10; 95%CI, À0.66 to 0.85, P = .80) and 3 (MD = 0.20; 95%CI, À0.39 to 0.79, P = .50) months after operation also between the 2 groups showed no significant difference ( 
WOMAC score
There were 3 comparisons with 269 knees at 3 months (MD = 0.83; 95%CI, À2.04 to 3.70, P = .57) and 1 comparison with 106 
Complications
Post-operative nausea and vomiting (PNVO) were recorded in 6 comparisons involving 444 knees, and the outcomes suggested that morphine injection did not increase the PNVO occurrence (OR = 1.72; 95%CI, 0.83 to 3.56, P = .14) ( Fig. 10 ).
Discussion
In this meta-analysis of randomized controlled trials, we evaluated the efficacy of local injections of multimodal cocktail containing morphine in terms of pain relief and knee function recovery after TKA. According to the results, the additional of morphine injection was not associated with significant pain score decreasing within 48 hours postoperatively. However, we found that the use of morphine significantly reduced systemic rescue opioids consumption after operation. Moreover, this study found no significant differences in any other outcomes: knee ROM, WOMAC scores, Post-operative nausea, and vomiting occurrence, were similar outcomes regardless of the presence of morphine in the injections. To relieve postoperative pain in TKA, tremendous of work has been done in this field. Although nerve block including femoral nerve block (FNB), adductor canal block (ACB), and sciatic nerve block has caught much attention, [23] [24] [25] [26] [27] [28] but the local Infiltration analgesia with multimodal cocktail was still regarded as the golden standard for the postoperative pain relieve in joint arthroplasty. [1] [2] [3] [4] [5] [6] [7] Some researchers even suggest that using periarticular or intra-articular infiltration analgesia without nerve block could obtain good postoperative pain relief results. [2, 29, 30] Multiple studies have shown the pain relief efficacy of multimodal periarticular injection of analgesics for TKA recently. [1] [2] [3] [4] [5] [6] So, choosing optimum drug composition in local injection should be paid attention and is meaningful in postoperative pain relief. Anesthetic, such as ropivacaine and bupivacaine, combined with epinephrine are most commonly used in local infiltration analgesia. [1] [2] [3] [4] [5] [6] [13] [14] [15] [16] The use of NSAIDs and corticosteroidcs for the periarticular injection has been reported to reduce postoperative pain, [15, 16, 20] but it is still inconclusive whether the use of morphine in such injections is beneficial. Although it is clear that intra-articular analgesic injection containing morphine has been proved to be effective on decreasing postoperative pain. [5, 6, 13, 14] But, it is confused about whether the intra-articular administration of morphine is necessary composition and is really beneficial.
According to our outcomes, the pain score at rest and on motion at all measurement time after TKA were not improved after morphine was injected, which indicated that morphine added to multimodal cocktail did not improve the pain scores. However, we found that local injection of morphine significantly reduced postoperative opioids consumption. This can be associated with the local injection of morphine in multimodal cocktail may play a role in relieving the severe pain and therefore decreasing the requirement of additional morphine consumption after surgery. According to the pain evaluation outcomes, the pain scores were not decreased in local morphine group, which was in contradictory with the decreasing the additional morphine consumption. Two reasons may lead to this contradictory. Firstly, the pain score were evaluated on schedule, for example at 2 hours, 4 hours, 8 hours, 12 hours, 24 hours, 36 hours, 48 hours postoperatively, which may be influenced by the postoperative morphine consumption that was administrated when patients can not suffer the pain. So, the pain score may decrease when it was measured after morphine administration. Secondly, the sample size in this meta-analysis is small, which lead to high heterogeneity and publication bias when evaluating the pain scores, both of which may make the outcomes without statistical significance. However, it was also an encouraging outcome. Because it can reflect that the local morphine may have effect on reduce postoperative pain, and so deceasing systemic opioids consumption, which usually associated less adverse event and better patients' rehabilitation. Even though, when evaluating the knee functional recovery, there were also no improvement of knee ROM and WOMAC score, the morphine injection still make some difference. Finally, the nausea and vomiting evaluated in this study had no significant difference, and other complications were also not reported. It demonstrated that morphine injection in operation did not increase complication occurrence. This may be explained that the local morphine decreased the blood concentration and reduced the side effects of the drug on cerebral cortex. The local morphine is a relative safe procedure. Accordingly, although morphine local injection did not decrease the pain score, it helped to reduce postoperative opioids usage.
There are several limitations in our study. First, there were only 8 RCTs with 1093 knees were included in our study, which is still a relatively small sample and more studies with large sample were still needed in the future. As the sample size is small in this metaanalysis, the funnel plots that evaluate the publication bias did not make much significance. Second, the anesthesia methods in these trials were different, periarticular or intra-articular were both included in this meta-analysis, and the multimodal cocktail compositions were different among the studies, all of which may lead to bias and influence the postoperative pooling pain scores. Fourth, the different efficiency of pain relief and complication occurrence by using different dosage morphine was not assessed for limited cased included. So, we did not know whether morphine dosage could influence the outcomes. Thus, further research should be done.
Conclusion
Additional morphine added to multimodal cocktail did not contribute to decrease the postoperative pain scores significantly based on our outcomes, but it reduced the systemic opioids consumption in total knee arthroplasty.
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